Abstract M mode and Doppler echocardiograms, apex cardiograms, and phonocardiograms were recorded in 50 patients with severe ventricular disease of varying aetiology to examine how left ventricular filling is disturbed by cavity dilatation. The size of the left ventricular cavity was increased in all with a mean (SD) transverse diameter of 7-2 (0-8) cm at end diastole and 6&3 (0 8) cm at end systole. All were in sinus rhythm and 35 had functional mitral regurgitation. In nine patients, in whom filling period was < 170 ms, transmitral flow showed only a single peak, representing summation. In the remainder there was a strikingly bimodal distribution of filling pattern. In 12 the ventricle filled dominantly with atrial systole (A fillers). Isovolumic relaxation was long (75 (35) ms) and wall motion incoordinate; mitral regurgitation was present in only one. In most (29) the left ventricle filled predominantly during early diastole (E fillers). Mitral regurgitation, which was present in 26, was much more common than in the A fillers, while the isovolumic relaxation time (10 (24) ms) was much shorter and the normal phase relations between flow velocity and wall motion were lost. In 24 E fillers no atrial flow was detected. In four there was no evidence of any mechanical activity, suggesting "atrial failure". In 20, either the apex cardiogram or the mitral echogram showed an A wave, implying are related to one another. We also examined how the different filling patterns are distributed across the group as a whole, and correlated these patterns with other manifestations of disease.
were in sinus rhythm and 35 had functional mitral regurgitation. In nine patients, in whom filling period was < 170 ms, transmitral flow showed only a single peak, representing summation. In the remainder there was a strikingly bimodal distribution of filling pattern. In 12 the ventricle filled dominantly with atrial systole (A fillers). Isovolumic relaxation was long (75 (35) ms) and wall motion incoordinate; mitral regurgitation was present in only one. In most (29) the left ventricle filled predominantly during early diastole (E fillers). Mitral regurgitation, which was present in 26, was much more common than in the A fillers, while the isovolumic relaxation time (10 (24) ms) was much shorter and the normal phase relations between flow velocity and wall motion were lost. In 24 E fillers no atrial flow was detected. In four there was no evidence of any mechanical activity, suggesting "atrial failure". In 20, either the apex cardiogram or the mitral echogram showed an A wave, implying that atrial contraction had occurred but had failed to cause transmitral flow, showing that ventricular filling was fundamentally disturbed in late diastole. A series of discrete abnormalities of filling, beyond those shown by Doppler alone, could thus be detected in this apparently homogeneous patient group by a combination of non-invasive methods. The presence and nature of these abnormalities may shed light on underlying physiological disturbances. Accepted for publication 8 November 1989 Myocardial anatomy is abnormal and function disturbed when the cavity of the left ventricle is dilated. The amplitude of endocardial motion and in particular the extent of wall thickening are uniformly and strikingly reduced, and mitral regurgitation is often present. Although these findings are usually attributed to impaired systolic function,' they might also interfere with ventricular filling in ways that could throw light on the underlying abnormalities of diastole. We therefore recorded transmitral flow velocity patterns in a large series ofthese patients and considered them not on their own but with other non-invasive measures of diastolic function to see how they are related to one another. We also examined how the different filling patterns are distributed across the group as a whole, and correlated these patterns with other manifestations of disease.
Patients and methods
We studied the records of 50 patients with cavity dilatation caused by severe left ventricular disease. All had had at least one attack of pulmonary oedema and ten of the 15 under the age of 55 subsequently underwent cardiac transplantation. In all the patients the left ventricular end diastolic dimension, as measured by M mode echocardiography, was > 6 cm; fractional shortening was < 25%0, and the ventricular posterior wall thicknesses were < 1 2 cm at end diastole. Their age ranged from 12 to 80. In 20 the underlying diagnosis was coronary artery disease, established by coronary arteriography or at necropsy or transplantation. Eleven had dilated cardiomyopathy with normal coronary arteriograms. In six patients left ventricular disease could be related to sarcoidosis, polyarteritis nodosa, disseminated lupus erythematosis, irradiation, Becker's muscular dystrophy, or eosinophilic heart disease in one case each. In thirteen patients, there was no clinical indication for coronary arteriography, so we were unable to exclude coronary artery disease ( We identified an E wave on the Doppler flowvelocity trace as a peak occurring after mitral opening but before the onset of the P wave of the succeeding beat ( fig 2a) and we measured the interval from A2 to the time that the peak flow velocity was registered (fig 1) . If the E wave was dominant we classified such patients as E fillers. We identified an A wave as occurring after the P wave of the succeeding beat and as being preceded either by an E peak or by an interval of low flow after mitral valve opening (fig lb). We classified patients with a dominant A wave as A fillers. If only one peak was present, starting immediately after mitral opening but after the P wave of the succeeding beat, we classified the filling pattern as summation ( fig 2c) . To distinguish a summation wave (fig 4) . The isovolumic relaxation time was very much longer in A fillers than in E fillers and mitral opening greatly delayed with respect to minimum dimension. The left atrial dimension was smaller but the component of dimension change occurring during left atrial systole was larger. Though mitral regurgitation was much less common than in the E fillers, the incidence of aortic and tricuspid regurgitation was essentially the same.
Summation fillers resembled E fillers in that the isovolumic relaxation time was short; mitral opening was synchronous with minimum cavity dimension and peak rate of dimension increase was synchronous with peak transmitral inflow velocity. The RR interval was short and the effective filling time was greatly reduced to 50-170 ms, while the shortest value seen in either of the other groups was 230 ms. In the A fillers the mean interval from the onset (Fig 2c) showed that its time integral was the maximum that would be possible with the observed acceleration and deceleration rates within the short filling period. We concluded, therefore, that this characteristic pattern was not due simply to low cardiac output, but arose when stroke volume was directly limited by external constraints on the time available for forward mitral flow. In a second group of patients, the ventricle filled either dominantly or completely with atrial systole. They differed from the summation fillers in that filling time was much longer and either an E wave was present or there was a discrete interval after mitral valve opening when transmitral flow could not be detected. In the third and commonest filling pattern, however, the higher velocity occurred early during diastole, before the P wave of the succeeding beat, and the atrial peak was low or absent. Surprisingly, E and A filling patterns did not simply represent the ends of a single continuum because the distribution of the relative heights of the two waves in the patients studied was strikingly bimodal. If mitral flow was not limited by a short filling period, therefore, it tended to occur either early or late in diastole. The normal finding of comparable E and A wave velocities was conspicuously absent in the group of patients with end stage disease that we studied.
Bimodal distribution of any variable within a homogeneous group of patients is unusual and must be explained. In ours it was not caused by differences in age, sex, aetiology, or treatment, nor was it related to cavity size, wall thickness, or shortening fraction. In more general terms, however, the two groups arose from loss of the A wave in the E fillers, and loss ofearly diastolic flow in the A fillers. The A fillers differed from E fillers in that isovolumic relaxation time was longer and wall motion during this period was incoordinate, as shown by the delay in mitral opening with respect to minimum cavity dimension. We have previously suggested that rapid early diastolic filling depends on the integrity of posterior wall thinning and its relation to mitral valve opening."2 If either of these are lost because of incoordination, the early diastolic filling rate will be reduced-as we have previously shown by angiography in patients with coronary artery disease." Dominant early diastolic filling is associated with mitral regurgitation7' and it has been suggested that volume overload or a high left atrial pressure may "normalise" the filling pattern. While we agree that the Doppler pattern, considered on its own, was apparently normal in some of our patients, this did not apply to other aspects of diastolic function. In the normal subject peak filling rate lags behind the peak rate of dimension increase by approximately 50 ms'4 ( fig 1) . We attribute this delay to the effect of restoring forces within the ventricle and have noted its loss in patients with severe mitral regurgitation. In E fillers also, the normal phase relation between transmitral flow velocity and dimension change was lost; while the Doppler pattem was apparently normal the mechanism by which it was brought about was not. we found no evidence of any mechanical activity of the left atrium although all were in sinus rhythm. Mechanical atrial activity may be lost for short periods after DC conversion of atrial fibrillation,'6 but the idea that "atrial failure" might persist chronically has been little considered. In most patients in whom no atrial flow could be detected we found collateral evidence of atrial mechanical activity either on the apex cardiogram or the mitral echogram.
We were thus forced to conclude that even with an appropriately timed atrial contraction, transmitral blood flow did not occur. This implies loss of ventricular compliance, which might be the result of intrinsic myocardial disease, disturbed myocardial architecture, or pericardial restraint. One does not need to know its exact mechanism to deduce that in these patients there must be a major disturbance of filling in late diastole. End diastolic volume apparently becomes fixed, so that after early diastolic inflow these ventricles effectively become "unfillable".
The present study has several obvious limitations. All the patients had had pulmonary oedema at some time, and many of the younger ones were being considered for cardiac transplantation. They are thus likely to have had more severe disease than those in previous series.7' They were studied at a single stage in their clinical course, and we do not know how the filling pattern might change with time. All were taking treatment, which was in no way standardised and with which we did not interfere. The study, however, was a retrospective one, so that our knowing the filling pattern could not have affected the way the information was collected. We investigated the possibility that apparent transmitral flow pattern might have depended on the transducer position or orientation but we were unable to find evidence of this. We used continuous wave Doppler to identify peak velocities before recording them in the pulsed mode, so that sampling depth was not a potential variable. Mitral regurgitation in such patients may occur through a localised jet, and thus detecting it might be unpredictable. However, such unpredictability would be random, and could not explain the large difference in incidence between E and A fillers. Detecting tricuspid regurgitation should be similarly limited, yet we found no comparable correlation.
Recognition of different filling patterns may help in the understanding of the pathophysiology and response to treatment of these patients. We Reducing the heart rate, which prolongs the filling time, would thus seem useful; this effect may explain the effects of f blockers in some patients with dilated cardiomyopathy. '7 In most patients, however, the filling time did not seem to limit stroke volume, at any rate at rest, with transmitral flow occurring dominantly at its beginning (E fillers) or at its end (A fillers); a reduction in heart rate would be unlikely to increase cardiac output in these circumstances and might well reduce it when stroke volume is small and fixed. A fillers, however, are likely to be particularly sensitive to the effects of atrial systole, so that manoeuvres aimed at restoring or maintaining sinus rhythm would seem particularly justified. If the end diastolic volume is indeed fixed in most E fillers, as we suggest, a major mechanism of adapting to increasing venous return has been lost. Further, most of these patients had mitral regurgitation that was too mild to have significantly affected resistance to ejection. With end diastolic volume fixed and end systolic volume unaltered, any increase in regurgitant volume must lead to an equal drop in forward flow. If the resulting fall in myocardial perfusion were to make the mitral regurgitation itself even slightly more severe, a vicious cycle would be set up, causing forward output to fall progressively and providing a mechanism for sudden death quite independent of any electrical instability. From the clinical point of view, therefore, treatment should be aimed at reducing end systolic volume and mitral regurgitation; these effects are brought about most predictably by use of arterial vasodilators and diuretics. Increased venous return on its own, mediated for example by a venodilator, would probably be less useful in such patients. The need to reduce end systolic volume suggests an ancillary role for drugs with a positive inotropic action, quite independent of any effects that they may have on the force or velocity of contraction;
We conclude that the pattern of transmitral flow velocity is often apparently unaffected by severely disturbed diastolic function in patients with dilatation ofthe left ventricular cavity. We have seen the same effect in patients with left ventricular hypertrophy,'8 where the disturbances differ from those of cavity dilatation. Doppler estimates of transmitral flow alone cannot therefore be considered an adequate basis for assessing ventricular diastolic function. However, when Doppler is used with other non-invasive measurements, a series of abnormalities can be shown in patients with end stage left ventricular disease. Not only do these disturbances seem to shed light on some aspects of the disordered pathophysiology but also they suggest how treatment might be approached. If the same methods are used to follow the effects of interventions, more rational and individual management may be developed for this difficult group of patients.
